The optical and physical and characteristics of hydrogel ophthalmic lens polymerized with addition of 2,6difluoropyridine, SiPc(silicon 2,9,16,23-tetra-tert-butyl-29H31H-phthalocyanine dihydroxide) and nanodiamond in the basic hydrogel material were evaluated. In particular, the utility of 2,6-difluoropyridine, SiPc and nanodiamond as a hydrogel ophthalmic lens material was investigated. 2,6-difluoropyridine, SiPc and nanodiamond were used as additives. And also, 2-hydroxyethyl methacrylate, acrylic acid, methyl methacrylate and a cross-linker EGDMA were copolymerized in the presence of AIBN as an initiator. The refractive index of 1.4348~1.4361, water content of 33.30~34.02%, UV-B transmittance of 4.77~67.50%, UV-A transmittance of 1.45~89.19% and visible transmittance of 32.12~92.21% were obtained. The results of hydrogel lens containing 2,6-difluoropyridine (add 5%) showed antibiosis for staphylococcus aureus. The produced copolymer is suitable for hydrogel soft ophthalmic lenses with antibiotic and anti-UV effect.
Introduction
HEMA was developed as a hydrophilic ophthalmic soft lens material in 1960, and has been most widely used among the existing hydrophilic hydrogel ophthalmic materials. In addition, it has entered the market to be used for bone morphogenetic materials, sutures, tissue culture media, blood-compatible materials, and ophthalmic contact lenses [1] [2] [3] [4] [5] [6] . For a material to be used for a hydrophilic contact lens, it must meet such conditions as biocompatibility, light transmissibility, wetting property, and oxygen transmissibility [7] . HEMA by itself does not satisfy these requirements, and as such, additives with UV blocking, high wetting, high oxygen transmissibility, and antibiotic properties have been actively sought [8] [9] [10] [11] . Materials that use nanoparticles have the size of an atomic molecule, which is smaller than the cell of a living body, and they are used as catalysts due to their wide surface [12] . Among the various nanomaterials that are used for ophthalmic hydrogel lens, SIPC (silicon 2,9,16,23-tetra-tert-butyl-29H,31H-phthalocyanine dihydroxide) absorbs light with a 700 nm wavelength [13] . When used as an additive for hydrophilic ophthalmic lens, it produces a blue tint, and due to its ability to absorb a specific wavelength band, it can be used as an anti-UV ophthalmic soft contact lens material [14] . Nanodiamond is used as a biomedical material such as a drug carrier or an artificial retina due to its eternal property and the fact that it is not harmful to humans [15, 16] . Moreover, when used as an additive for the hydrophilic ophthalmic lens, it reduces the light transmissivity of the lens, showing an anti-UV function [17, 18] . In this study, antibiotic pyridine [11] was used together with 2-hydroxyethyl methacrylate, acrylic acid, methyl methacrylate, and ethylene glycol dimethacrylate, which are common hydrophilic ophthalmic lens materials, as a basic combination for preparing an anti-UV ophthalmic contact lens. SIPC, diamond nanopowder, and 2, 6-difluoropyridine were used as additives for polymerization. Then the physical, optical, and antibiotic properties of the prepared polymer were analyzed to investigate its applicability as an ophthalmic hydrogel lens material.
Experimental Section

Reagents and Materials
To prepare the hydrogel ophthalmic lens, 2-hydroxyethylmethacrylate and acrylic acid were used as major raw materials, and azobisiobutyronitirle, as an initiator. All of these were products of Junsei, Ltd. Ethylene glycol dimethacrylate of Sigma-Aldrich, Ltd. was used as a cross-linking agent. For the anti-UV function of the lens, SIPC, diamond nanopowder, and 2,6-difluoropyridine were used as additives. All these were Sigma-Aldrich products.
Polymerization
For lens material polymerization, HEMA, AA, MMA, AIBN (initiator), and EGDMA (cross-linking agent) were used as a basic combination for preparing the hydrophilic ophthalmic lens. As an additive, 2,6-difluoropyridine was added at a ratio of 5%, and SIPC and Dia, at 0.05-0.1%. The mixture was stirred for 20 minutes, diffused in an ultrasonic benchtop cleaner for approximately 30 mins, and copolymerized by thermal polymerization. The prepared sample was hydrated in 0.9% sodium chloride saline at room temperature for approximately 24 hours to evaluate its physical characteristics, such as its water content, refractive index, and light transmissibility. The basic combination of the samples that was used in the experiment was named "Ref.," and the group to which 2,6-difluoropyridine was added at a 5% ratio on the basic combination was named "PR." The group to which SIPC was added at various ratios in the Ref. combination was named "SIPC." The group to which nanodiamond was added at various ratios in the Ref. combination was named "Dia." The group to which 0.05% SIPC and 0.05% nanodiamond were added in the Ref. combination was named "SD." The group to which SIPC was added at various ratios in the PR combination was named "Psipc"; the group to which nanodia was added at various ratios, "Pdia"; and the group to which 0.05% SIPC and 0.05% nanodia were added, "PSD." The ratios of the hydrophilic ophthalmic contact lens samples that were used in the experiments are shown in Table 1 .
Measurement and Analysis Instruments
To measure the refractive index of the lenses, ABBE Refractometer (ATAGO NAR 1T, Japan) was used. The water content was measured by the gravimetric method. Light transmissibility was measured using Cary 60 UVvis (Agilent technologies), then analyzed using Cary Win UV. FE-SEM was used to analyze the nanoparticles on the soft ophthalmic lens surface. To analyze the antibiotic lens properties against E-coli, the SD group was used as a control group, and the PSD combination to which 2,6-difluoropyridine was added at a 5% ratio on the SD group was used as an experimental group. The dehydrated film medium that was used for the experiments was (3M Petrifilm) TM . 
Results and Discussion
3.1. Polymerization and Preparation HEMA, AA, and MMA were used for the basic combination for preparing the ophthalmic hydrogel lens. AIBN, an initiator, and EGDMA, a cross-linking agent, were stirred for approximately 30 minutes, and heat polymerization was used for preparing the lens. As a result of hydrating the prepared hydrogel lens sample in saline solution for 24 hours, the sample that contained SIPC showed a blue tint while the Dia sample showed slight opacity. The color of the stirred mixture in various concentrations and the color of the polymerized samples are shown in Fig. 2 . As a result of the SEM analysis, the presence of nanoparticles on the lens surface was confirmed as shown in Fig. 3 .
Water Content and Refractive Index
As a result of measurement the water content of the prepared lens, the Ref. without 2,6-difluoropyridine and nanoparticles showed a average of 34.02%. In the SIPC combination to which SIPC was added at various ratios in the Ref. combination, SIPC-1 showed 33.35%, and SIPC-2, 33.30%. In the Dia combination to which Dia was added at various ratios in the Ref. combination, Dia-1 showed 33.77%, and Dia-2, 33.38%. When SIPC and Dia were added at a ratio of 0.05%, respectively, the average of water content was 33.40%, showing no significant difference between the additions of SIPC and Dia. When 2,6-difluoropyridine was added at a ratio of 5% in the Ref. combination, the average of water content was 33.57%. In the Psipc combination, which was a PR combination to which 2,6-difluoropyridine was added at a 5% ratio and SIPC at various ratios, Psipc-1 showed 33.50%, and Psipc-2, 33.44%. In the Pdia combination to which Dia was added at various ratios in the PR combination, Pdia-1 showed 33.67%, and Pdia-2, 33.54%. When SIPC and Dia were added at a ratio of 0.05%, respectively, in the RP combination, a mean water content of 33.82% was observed, showing no significant difference according to the addition of 2,6-difluoropyridine. Fig. 3 shows the water content graph of each combination sample. In all the combinations including the nanodiamond, the water content of the prepared lens tended to increase due to the hydrophilic property of the nanodiamond surface. As a result of measuring the refraction index of the prepared ophthalmic hydrogel lens, the Ref. without 2,6-difluoropyridine and nanoparticles showed a average of 1.4358. In the SIPC combination to which SIPC was added at various ratios in the Ref. combination, SIPC-1 showed 1.4358, and SIPC-2, 1.4358. In the Dia combination to which Dia was added at various ratios in the Ref. combination, Dia-1 showed 1.4361, and Dia-2, 1.4361. When SIPC and Dia were added at a ratio of 0.05%, respectively, the refraction index was 1.4358, showing no significant difference between the additions of SIPC and Dia. When 2,6-difluoropyridine was added at a ratio of 5% in the Ref. combination, the index was 1.4348. In the Psipc combination, which was a PR combination to which 2,6-difluoropyridine was added at a 5% ratio and SIPC at various ratios, Psipc-1 showed 1.4351, and Psipc-2, 1.4354. In the Pdia combination to which Dia was added at various ratios in the PR combination, Pdia-1 showed 1.4352, and Pdia-2, 1.4358. When SIPC and Dia were added in the RP combination at a ratio of 0.05%, respectively, the index was 1.4354, showing no significant difference with the addition of 2,6-difluoropyridine. Fig. 4 and 5 show the water and refractive index of each combination. 11.16, and 47.75%, respectively, and those of SIPC-2, 4.77, 1.45, and 34.31%, respectively, showing a significantly greater UV-blocking rate with the addition of SIPC than without the addition. In addition, a high blocking ratio was observed in the specific wavelength region of visible light. In the Dia combination to which Dia was added at various ratios in the Ref. combination, the light transmissibility at the UV-A, UV-B, and visible light region of Dia-1 was 32.34, 49.52, and 65.58%, respectively, and those of Dia-2, 16.77, 27.15, and 43.33%, showing decreasing UV ray transmissibility according to the decreasing visible light transmissibility with the addition of Dia. In the SD combination to which 0.05% SIPC and 0.05% Dia were added in the Ref. combination, the light transmissibility in the UV-B, UV-A, and visible light was 8.83, 5.68, and 33.63%, respectively. In the PR combination to which 2,6-difluoropyridine was added at a ratio of 5% in the Ref. combination, the light transmissivity in the UV-B was 67.49%, in the UV-A, 89.19%, and in the visible light, 92.21%. In the Psipc-2 combination to which SIPC was added at various ratios in the PR combination, the average of light transmissibility at the UV-B, UV-A, and visible light regions was 5.92, 1.70, and 34.58%, respectively. In the Pdia combination to which Dia was added at various ratios in the PR combination, the mean light transmissibility at the UV-A, UV-B, and visible light of Pdia-1 was 29.24, 44.49, and 62.98%, respectively, and those of Dia-2 were 16.17, 25.91, and 44.52%. In the PSD combination to which 0.05% SIPC and 0.05% Dia was added in the PR combination, the light transmissibility at the UV-B, UV-A, and visible light was 10.23, 5.89, and 32.12%, respectively, showing no significant change from the addition of 2,6-difluoropyridine. The anti-UV rate tended to significantly increase when SIPC was used as an additive as shown in Fig. 6 .
Light Transmissibility
Antibiotic Property
The Ref. without 2,6-difluoropyridine and nanoparticles was used as a control group, and the PR combination to which 2,6-difluoropyridine was added at a 5% ratio was used as an experimental group. According to the experiments on their antibiotic properties against Ecoli, the number of E-coli significantly decreased when 2,6-difluoropyridine was added. In the antibiotic tests against E-coli on the SD group to which 0.05% SIPC and 0.05% diamond nanopowder were added in the basic combination without 2,6-difluoropyridine, and in the PSD combination to which 2,6-difluoropyridine was added at a 5% ratio in the SD group, E-coli was not cultured at all, and as such, the antibiotic property of the lens was confirmed. The results of the dry-film medium test against E-coli are shown in Fig. 7 and 8. 
Conclusions
HEMA, AA, MMA, and the cross-linking agent, which are frequently used for the hydrophilic ophthalmic lens, were used for the basic combination. 2,6-difluoropyridine, SIPC (silicon 2,9,16,23-tetra-tert-butyl-29H,31H-phthalocyanine dihydroxide), and nanodiamond were used as additives and were then co-polymerized to evaluate the physical and optical characteristics of the prepared hydrogel lens. In addition, the surface of the prepared lens was analyzed to confirm the presence of nanoparticles. As a result, the addition of 2,6difluoropyridine, SIPC, or nanodiamond did not show significant changes in the physical properties, such as the refractive index and water content. As a result of measuring the light transmissibility of the prepared lens, UV rays were effectively blocked when SIPC was used as an additive. The transmissibility level was high at the 400-600 nm region of visible light, and the highest level was confirmed at 500 nm. These might have been due to the addition of SIPC, which produced a blue tint. When nanodiamond was added, the transmissibility of the UV ray and visible light consistently decreased. These might have been due to the decreased transparency caused by the addition of nanodiamond. According to the dry-film microorganism test for evaluating the antibiotic properties of the prepared lens, the addition of 2,6-difluoropyridine resulted in an enhanced antibiotic property, and the addition of SIPC and diamond nanopowder resulted in a significant increase in the antibiotic property.
2,6-difluoropyridine and SIPC may be widely used as additives of ophthalmic hydrogel lenses considering their antibiotic and anti-UV properties.
